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1. INTRODUCTION 

* 

t 

This r e p o r t  desc r ibes  i n  d e t a i l  t h e  technology developed f o r  f a b r i c a t i n g  

laminated f e r r i t e  memory a r r a y s .  The composition descr ibed he re in ,  r e f e r r e d  

t o  a s  F e r r i t e  B, has  t h e  following c h a r a c t e r i s t i c s :  

Hc = coerc ive  f i e l d  

Sw = switching c o e f f i c i e n t  = 0.3 O e - p e c  

Br = remanent f lux  d e n s i t y  = 1200 gauss 

= 0.4 O e  

S = squareness  = 0.9 

Tc = Curie  temperature = l l O ° C  

Another composition, r e fe r r ed  t o  a s  F e r r i t e  A, i s  a v a i l a b l e  from t h e  RCA 

F e r r i t e  Memory Operation, Needham Heights,  Massachusetts,  and i s  c u r r e n t l y  

being used f o r  t h e  product ion of high-drive,  high-speed laminated f e r r i t e  

memory a r r a y s  wi th  64 x 64 crossovers  per plane,  a s  w e l l  a s  f e r r i t e  cores  f o r  

high-speed l i n e a r  s e l e c t  memory systems. 

, 
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II. LAMINATED FERRITE MEMORY FABRICATION 

'- 

e 

There a r e  s i x  s t e p s  i n  the  f a b r i c a t i o n  of a laminated f e r r i t e  memory 

plane: (1) F e r r i t e  powder preparat ion,  (2) f e r r i t e  s l u r r y  prepara t ion ,  (3) f e r -  

r i t e  shee t  manufacture, (4) conductive l i n e  f a b r i c a t i o n ,  (5) laminating, and 

(6)  f i r i n g .  

A. FERRITE POWDER PREPARATION 

The composition used f o r  t h i s  work i s  Zn .45Mg.55Fe1.55Mn.45 0 4 and i s  iden-  

t i f i e d  a s  F e r r i t e  B m a t e r i a l .  The formula i n d i c a t e s  0.45 a t .% of Zn, 0.55 a t .% 

of Mg, e t c .  A t y p i c a l  batch contains  244.0 grams of z inc  oxide,  309.2 grams 

of magnesium carbonate  (heavy grade),  823.0 grams of i r o n  oxide (Fe 0 ), and 

344.4 grams of manganese carbonates .  

a l coho l  a r e  placed i n  a s t e e l  m i l l  of 6- inch I . D . ,  10.5 inches deep, and 

charged wi th  7 kg of 3/4-inch s t e e l  b a l l s .  

t h r e e  hours a t  100 rpm. Af te r  mi l l ing ,  t he  mixture  i s  d r i ed  a t  150 C,  passed 

through a 4-mesh screen,  and placed i n  f i r e c l a y  c r u c i b l e s  f o r  ca l c in ing .  The 

m a t e r i a l  i s  heated t o  1900°F i n , 4  hours, held f o r  2 - 1 / 2  hours and cooled wi th  

t h e  k i l n .  The ca l c in ing  atmosphere i s  a i r  i n  a g lobar  k i l n .  The ca lc ined  

powder i s  placed i n  t h e  same m i l l  used f o r  mixing, 2000 cm of methyl a lcohol  

a r e  added, and t h e  mixture  i s  mil led f o r  20 hours .  Af t e r  drying a s  before ,  t h e  

m a t e r i a l  i s  ready f o r  use i n  preparing t h e  b lad ing  s l u r r y .  

2 3  
These m a t e r i a l s  p lus  1900 cm3 of methyl 

This charge i s  mi l led  f o r  two t o  
0 

3 

B. FERRITE SLURRY PREPARATION 

A mixture of 640 grams of calcined f e r r i t e ,  44 grams of Butvar 76, 20 grams 

of F lexo l  D.O.P . ,  4 grams of t e r g i t o l  non-ionic TMN, and 480 cm3 of methyl e t h y l  

ketone a r e  placed i n  a m i l l  i d e n t i c a l  t o  t he  m i l l  used f o r  mixing and gr inding,  

and i s  mi l led  f o r  20 hours .  A f t e r  mi l l ing ,  t h e  s l u r r y  i s  put i n t o  a g l a s s  j a r  

and r o l l e d  a t  1 2  rpm u n t i l  ready for  use .  This mixture  i s  then used f o r  doctor  

b lad ing  on s i l i c o n e  rubber .  

methyl e t h y l  ketone in s t ead  of 480 cm . S l u r r i e s  are passed through a 200-mesh 

s c r e e n  a s  they a r e  loaded i n  f r o n t  of t h e  doctor b l ade .  This i s  necessary t o  

remove undissolved o r  unmixed clumps. 

S l u r r i e s  t o  be used on g l a s s  con ta in  580 cm3 of 
3 
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D. CONDUCTIVE LINE FABRICATION 

C. FERRITE SHEET MANUFACTURE 

Sheet i s  made by drawing t h e  doctor b lade  through a pool of s l u r r y  loaded i n  

The doctor  blade i s  a smooth s t r a i g h t  edge which can be set  a t  any f r o n t  of i t .  

des i r ed  he ight  above a s u i t a b l e  s u b s t r a t e  su r face .  

r e g u l a t e s  t h e  th ickness  of t he  f e r r i t e  s l u r r y  appl ied  t o  t h e  s u b s t r a t e .  

drying, t he  adherence of t h e  s l u r r y  t o  t h e  s u b s t r a t e  must be s u f f i c i e n t  t o  

prevent l a t e r a l  shrinkage; a l l  shrinkage should be v e r t i c a l .  Glass and s i l i c o n e  

rubber have been found t o  be t h e  most s u i t a b l e  s u b s t r a t e s  on which t o  blade t h e  

f i l m .  

t h e  f i l m  is  more d i f f i c u l t .  

f a c i l i t a t e s  r e l e a s e .  

t o  o b t a i n  a 3-mil- thick shee t ,  a doctor  b lade  s e t t i n g  of 15 t o  20  m i l s  must be 

used. 

of t he  b lade .  No d e f i n i t e  f i g u r e s  a r e  a v a i l a b l e  f o r  t hese  v a r i a b l e s .  The v i s -  

c o s i t y  of t h e  s l u r r y  has not  been con t ro l l ed  nor has the  speed of d r a w .  The 

s p e c i f i c  g r a v i t y  of t h e  bladed unf i red  shee t  i s  about 2 . 8 .  During dry ing  of 

t h e  shee t ,  ca re  must be taken t o  prevent draughts  ac ross  t h e  s h e e t .  Draughts 

cause uneven drying and can cause the  f i l m  t o  c rack  o r  c raze .  Drying should be 

slow enough t o  allow drying t o  occur from t h e  bottom t o  t h e  t o p .  

d r i e s  f i r s t ,  l a t e r a l  shr inkage takes  p l ace  on t h e  s u r f a c e  causing orange pee l ing  

and c raz ing .  Sheets  t h i c k e r  than  10 m i l s  a r e  no t  f e a s i b l e  due t o  t h e  d i f f i c u l t y  

i n  dry ing  t h e  f i l m  slowly and uniformly enough. Thicker shee t s  can be made by 

lamina t ing  a s  many t h i n  shee t s  a s  des i red ;  blocks up t o  1 inch t h i c k  have been 

made i n  t h i s  way. 

The he igh t  of t h e  b lade  

During 

Highly pol ished chromium sur faces  a l s o  a r e  s a t i s f a c t o r y ,  but r e l e a s e  of 

Thorough we t t ing  of t h e  d r i ed  f i l m  wi th  water g r e a t l y  

Thus, The v e r t i c a l  drying shr inkage ranges from 5:2 t o  7 : l .  

This r a t i o  depends upon t h e  v i s c o s i t y  of t h e  s l u r r y  and t h e  speed of draw 

I f  t h e  top  

There a r e  t h r e e  methods of pu t t i ng  conduct ive l i n e s  i n  t h e  f e r r i t e :  (1)  To 

embed a s o l i d  w i r e .  

f l a t  s u r f a c e  and then  doctor  b lade  over t h e  conductor p a t t e r n .  (3) To form 

grooves i n  f e r r i t e  and then  f i l l  wi th  a conduct ive pas t e  o r  powder. The m a t e r i a l  

used f o r  conductors must withstand f e r r i t e  f i r i n g  temperatures and atmospheres.  

In  most cases ,  t h i s  r equ i r e s  t h a t  platinum, palladium, rhodium, i r idium, o r  

osmium be used. Gold i s  s u i t a b l e  fo r  f e r r i t e s  maturing below t h e  mel t ing  poin t  

of go ld .  

(2)  To squeegee a conduct ive pas t e  through a mask onto a 
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Wires of platinum, palladium, o r  gold have been used. Shrinkage of t h e  

f e r r i t e  during f i r i n g  (about 17 percent)  causes  s u f f i c i e n t  stress on the  f e r r i t e  

i n  the  v i c i n i t y  of t he  s o l i d  metal t o  c rack  the  f e r r i t e ,  un le s s  t he  f e r r i t e  w a l l  

i s  about ten times a s  t h i c k  as the  d i a m e t e r  of t h e  w i r e .  I f  t he  f e r r i t e  i s  

heavy enough not  t o  crack,  t he  compressive fo rces  on t h e  w i r e  a r e  s u f f i c i e n t  t o  

f r a c t u r e  the  w i r e  a long  s l i p  p lanes  i n  the  m e t a l .  

graphs of such samples. I n  t h e  case of gold conductors,  the  gold melts, then  

c o n t r a c t s  i n t o  i s o l a t e d  segments along the  l i n e  causing a n  open c i r c u i t .  Gold- 

p l a t e d  platinum, rhodium, and palladium w i r e s  have been used successfu l ly .  The 

gold m e l t s ,  al lowing t h e  sh r ink ing  f e r r i t e  t o  s l i d e  along t h e  w i r e s .  

the  mechanical problems involved i n  s t r e t c h i n g  many wires p a r a l l e l  seemed t o  

make t h i s  method imprac t ica l .  

This  has been shown by rad io-  

However, 

Pas t e s  have been made of a l l  of t h e  s u i t a b l e  m e t a l l i c  powders. P a t t e r n s  

a r e  photoetched i n  bery l l ium copper or  s t a i n l e s s  s t ee l  masks. The pas t e  i s  

squeegeed through t h e  masks onto a g l a s s  o r  s i l i c o n e  rubber s u b s t r a t e .  F e r r i t e  

s l u r r y  i s  bladed over t h e  p a t t e r n s  l a i d  down through t h e  masks. The d r i e d  f e r -  

r i t e  f i l m  i s  then peeled o f f  including t h e  conduct ive p a t t e r n s .  This process  

i s  l imi ted  by t h e  mechanics of t h e  mask. Long, f i n e ,  c l o s e l y  spaced conductors 

a r e  not  f e a s i b l e  with t h e  present  s t a t e  of t h e  a r t .  

Grooves i n  the  f e r r i t e  a r e  produced by machining t h e  des i r ed  p a t t e r n  i n  a 

lacquer  phonograph record master (Fig. l a ) .  RTV60 s i l i c o n e  rubber i s  then  c a s t  

over t h e  master producing a male rubber master (Fig.  l b ) .  F e r r i t e  s l u r r y  i s  

bladed over t h e  master (Fig.  I C ) .  The d r i e d  f i l m  i s  peeled o f f  (Fig.  I d ) .  The 

grooves a r e  then f i l l e d  wi th  conductive powder. 

Grooves a r e  being produced by embossing a p l a i n  green f e r r i t e  s h e e t .  The 

embossing punch (Fig.  2b) i s  made by e l e c t r o p l a t i n g  n i c k e l  on a lacquer  master 

(Fig.  l a ) .  The n i c k e l  master i s  given a l i g h t  chromium f l a s h  t o  f a c i l i t a t e  r e -  

moval of t h e  embossed f i lm .  Referr ing t o  F ig .  2, embossing i s  accomplished by 

loading  t h e  d i e  (g) as  fol lows:  bottom punch (a),  n i c k e l  master (b), p l a i n  

f e r r i t e  shee t  ( c ) ,  aluminum f o i l  (d), rubber pad (e), and top punch ( f ) .  The 

loaded d i e  i s  heated t o  90°C and a pressure  of 3000 p s i  i s  maintained f o r  about 

30 seconds.  The d i e  i s  immediately unloaded and t h e  embossed shee t  removed from 

t h e  master a t  6OoC. The grooves a re  then  f i l l e d  wi th  conductive powder. 

. 
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Fig.  2. D i e  and load to produce grooved ferrite sheet by embossing. 
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E. LAMINATING 

r 
; -  

A l l  laminat ing i s  done i n  e s s e n t i a l l y  t h e  same way. The d i e  ( j )  i n  F ig .  3 

i s  f i l l e d  i n  t h e  fol lowing order :  bottom punch ( a ) ,  rubber p re s su re  pad (b) ,  

aluminum f o i l  ( c ) ,  f i l l e d  word-line shee t  (d) ,  b lank spacer  shee t  ( e ) ,  f i l l e d  

d i g i t - l i n e  ( f ) ,  aluminum f o i l  (g), rubber p re s su re  pad (h) ,  and top  punch ( i ) .  

A p ressure  of 2000 p s i  i s  appl ied t o  t h e  punches and t h e  temperature i s  increased  

t o  90°C. 

before  r e f i l l i n g .  

The s t a c k  i s  removed ho t .  The d i e  and a l l  components a r e  cooled 

Figure 4 shows the  d i e s  and punches used f o r  t h e  laminates  c u r r e n t l y  being 

made: (a ) ,  t he  256 x 64; (b), t he  256 x 100; and ( c ) ,  t h e  512 x 200. 

F. FIRING 

F i r i n g  i s  done on f l a t  ground aluminum oxide set ters .  One green f e r r i t e  

plane i s  placed between a p a i r  of spaced s e t t e r  p l a t e s .  The spacing i s  about 

2 m i l s  g r e a t e r  than  the  thickness  of t he  f e r r i t e .  This  l i m i t s  warping. The 

f i r i n g  schedule i s  t o  go t o  2300 F a t  450°F per  hour, hold 2 hours and then  cool 

with  t h e  k i l n .  The atmosphere i s  a i r .  Annealing i s  requi red  i n  n i t rogen .  The 

schedule  f o r  t h i s  i s  t o  go t o  2050°F a t  t h e  r a t e  of 450°F per hour, hold 2 hours ,  

and then  cool  wi th  t h e  k i l n .  

0 
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Fig; 3. b i e  and load for laminating green ferrite sheets. 

Fig. 4. Laminating dies. 
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